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PREFACE 

Authority  for  this  study  is  contained  in  eighth  indorsement  dated 
21  April  1955  from  the  Office,  Chief  of  Engineers,  to  a  letter  dated 
28  July  1954  from  the  Engineer  Research  and  Development  Laboratories, 
subject,  "Request  for  Project,  'Plastic-Glass  Fiber  Reinforcement  for 
Reinforced  and  Prestressed  Concrete."1 

This  report  vas  prepared  under  the  supervision  of  Mr,  Thomas  B. 
Kennedy,  Chief,  Concrete  Division,  by  Mr.  J3ryaat-4Ie&her,  Chief,  Special 
Investigations  Branch,  Concrete  Division,  Waterways  Experiment  Station, 
assisted  by  Mr.  R.  V.  Tye. 

The  assistance  of  the  following  is  greatly  appreciated:  Mr.  Frank 
M.  Mellinger,  Director,  Ohi  River  Division  Laboratories,  who  made  avail¬ 
able  a  report  prepared  at  his  request  by  Professors  N.  M.  Newmark  and 
C.  P.  Siess  of  the  University  of  Illinois;  Mr.  Ray  B.  Crepps,  Director, 
Testing  Division,  Owens-Corning  Fiberglas  Corporation,  Newark,  Ohio; 
Professor  Norman  J.  Sollenberger,  School  of  Engineering,  Princeton 
University,  Princeton,  New  Jersey;  and  Mr.  Perry  II.  Petersen,  Director, 
Materials  Division,  Research  Department,  U.  S.  Naval  Civil  Engineering 
Research  and  Evaluation  Laboratory,  Port  Hueneme,  California. 
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SYNOPSIS 


Glass  has  been  produced  that  has  a  tensile  strength  of  more  than 
5,010,000  psi.  Glass  normally  has  a  modulus  of  elasticity  of  5;000,000 
to  10, CC0, CC0  psi.  Cold- drawn  steel  wire  has  an  ultimate  tensile  strength 
of  SCO, COO  to  300, COO  psi  and  a  modulus  of  elasticity  of  about  30^000,000 
psi.  Consideration  of  the  use  of  glass  reinforcing  in  concrete  originated 
in  lurepe  in  about  1930  with  studies  of  the  possible  use  of  strip  glass 
as  a  substitute  for  steel.  This  work  is  reviewed  but  it  is  probably  not 
directly  relevant  to  current  problems.  In  1951;  Kubinsky  began  studies 
of  glass  fibers  as  prestressing  elements.  A  considerable  amount  of  work 
has  been  done  but  little  has  been  published.  This  work  is  reviewed. 

The  development  of  glass-fiber  reinforced  plastics  as  structural  mate¬ 
rials  for  a  vide  variety  of  applications  has  provided  much  useful  back¬ 
ground  on  the  combinations  and  compositions  of  glass  and  plastic  that 
may  be  employed.  Glass-fiber  reinforced  plastic  rods  have  been  used  as 
prestressing  in  experimental  concrete  beams.  The  current  estimated  cost 
of  such  reds  is  about  four  times  that  of  steel  per  pound  but  since  they 
weigh  only  a  third  or  a  quarter  as  much  as  steel  per  unit  volume  and  have 
about  twice  the  ultimate  strength,  they  may  be  regarded  as  potentially 
more  economical.  Additional  experimental  work  along  lines  that  can  now 
be  described  should  provide  the  necessary  background  to  permit  the 
specification  of  glass-fiber  reinforced  plastic  units  as  an  alternate 
to  steel  in  orestressed  concrete  construction. 


PLASTIC-GLASS  FIBER  REINFORCEMENT  FOR 
REINFORCED  AND  PRE3TRZ3SED  CONCRETE 


SUMMARY  OF  INFORMATION  AVAILABLE  I  JULY  1933 


PART  I :  INTRODUCTION 


1.  Significant  deveic~rr.er.ts  in  the  vise  ox'  glass-fiber  reinforced 


■oli 


itics  sxr 


bed  the  desirability  of  a  review  of  research  and  develop¬ 


ment  work  on  the  use  of  this  material  for  reinforced  and  prestressed  con¬ 
crete,  and  an  evaluation  of  uhe  properties  of  plastic-class  fiber  mate¬ 
rials  in  terms  of  tire  requirements  for  tensioning  elements  or  reini'orce- 
r.ent  in  prestressed  concrete  members.  T he  results  of  this  review  and 
evaluation  ax'e  presented  in  this  report . 

2.  Consideration  of  the  use  of  class  as  reinforcing  in  concrete 
appears  to  have  originated  ir.  Europe  in  about  193^ •  The  earliest  refer¬ 
ences  to  class  reinforcement  giver.  in  the  bibliography  compiled  by 

66*  20  21,2° 

Slate  are  to  the  work  of  Craemer  ’  *  “.  The  only  other  reference 

prior  to  I9U0  is  to  Goldctein-Bclocarr  .  These  papers  have  r.ct  been 
examined;  consequently,  this  review  begins  with  material  published  i.n 
19**0.  Eubir.skyJ“l  states  that  he  first  become  interested  in  class  fibers 
as  tension  resistant  material  in  191o  but  did  net  consider  the  applica¬ 
tion  to  reinforced  concrete  until  I9A0. 

3.  The  applications  reviewed  involve  four  classes  of  class- 
concrete  systems: 


a. 

Solid-glass 

members 

as 

reinforcement. 

b. 

Fiber-glass 

members 

as 

reinforcement. 

e . 

Solid-glass 

members 

as 

prestress',  ng. 

d. 

Fiber-glass 

members 

as 

prestressir.g. 

U. 

concerns 


The  work  of  Seder.,  Lincoln,  and  Marshall16,17, 16,15,30,31,34 

.ns  use  of  solid-class  members  as  conventional  reinforcement. 

6b 


.e  Jackson  patent  is  said  (Rubir.sky  ’)  to  cover  the  substitution  of  fibc: 


*  Raised  numbers  refer  to  the  Bibliography  at  the  end  of  this  report. 
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glass  for  steel  in  reinforced  concrete.  Ho  references  to  the  use  of 
solid-glass  members  for  prestressing  have  been  found.  The  most  promising 
application  appears  to  be  the  use  of  fiber-glass  members  in  prestresoing. 
Eubinsky  J  states  that  the  use  of  fiber  glass  instead  of  steel  as  simple 
reinforcement  in  concrete  is  not  feasible  because  of  the  low  modulus  of 
elasticity  of  glass. 

5.  Stainer^  has  noted  that  the  Corps  of  Engineers  "has  been 
particularly  ready  to  realize  the  advantages  of  prestressed  concrete  con¬ 
struction"  and  calls  attention  to  the  design  begun  in  1951  of  the  pre- 
stressed  spillway  bridge  at  Garrison  Dam,  the  second  largest  prestressed 
concrete  structure  in  the  United  States;  and  the  2l6-ft  pre stressed  con¬ 
crete  bridge  over  the  Chesapeake  and  Ohio  Canal  at  Little  Falls,  Maryland, 

which  will  be  the  longest  concrete  girder  span  in  the  United  States. 

op 

6.  It  is  stated  in  the  magazine  Engineering"1  for  17  June  1955 

that : 

"From  the  engineering  point  of  view  possibly  the  most  signifi¬ 
cant  development  in  the  plastics  industry  within  the  last  two  years  is 
the  increasing  application  of  glass-fibre  reinforced  plastics  as  struc¬ 
tural  materials." 


II:  STEIp-GIASS  PSII'JI'OP.CIMEin 


7.  A  series  of  tests  on  the  use  of  class  strips  as  reinforcement 
m  concrete  was  reported  in  England  in  the  fall  of  lo!f0.  £o  far  a, 
..no./.*,  «he  j.iiSo  lepert  was  m  Civil  Engineering  fnr  i <~.i  rXl 


known,  the  first  report  was  in  Civil  Engineer!:^  for  August  l9l017,  and 
stated  that  the  successful  use  of  class  in  place  of  steel  as  reinforce¬ 
ment  for  concrete  had  been  announced.  The  research  had  been  initiated 
at  the  outbreak  of  war  but  the  results  indicate  that  class  reinforcement 
r.ay  be  of  use  on  its  own  merit  and  not  merely  as  a  wartime  substitute. 

The  tests  were  conducted  by  A.  W.  Soden  and  J.  A.  Lincoln,  and  the  re¬ 
sults  were  submitted  to  E.  H.  Paisley  of  the  Borough  of  Kensington  for 
consideration  in  connection  with  the  construction  of  concrete  air-aid 
shelters.  Independent  tests  were  subsequently  made  at  the  City  and  Guilds 

Coluece  Structural  Laboratory.  The  technical  data  given  by  this  account 
include  the  following: 

'The  results  of  these  tests  have  shove  that  slats  of  giass- 
reinforced  concrete  would  carry  four  tines  the  mtijra  load  resulted  ty 
the  Home  Office  for  street  and  ether  air-raid  shelters. 

"In  reinforced  concrete  beams  steel  rods  are  embodied  in  the 
lower  edee  to  take  the  whole  of  the  tension  which  is  eoual  to  the  co-pres- 
sion  taken  by  approximately  the  top  third  of  the  concrete.  The  remaining 
two-tnirds  of  the  concrete  is  mechanically  wasted  as  regards  load-bearing 
and  merely  acts  as  a  binding  agent  and  shear.  It  has  been  found,  accord¬ 
ing  to  the  report  of  the  investigators,  that  by  substituting  glass  re¬ 
inforcement  for  steel  the  neutral  axis  is  lowered  and  more  concrete  is 
rough.-  into  play  for  compression.  And  as  the  glass  cross-sectional  area 
is  -hree  times  as  much  as  steel,  little  concrete  is  wasted. 

"The  glass  reinforcement  so  far  used  is  in  strips  5/16  in. 

thick,  the  depth  being  half  the  depth  of  the  beam  which  it  is  to  reinforce 

■n  important  feature  is  that  one  edge  of  the  glass  is  not  cut  but  is  the 

-ire-finished  edge,  known  as  the  selvedge,  in  the  state  in  which  it  cones 
from  tne  process. 

"For  reinforcement  requirements,  it  is  stated,  polishing  and 
re  mine  weaken  the  glass,  and  the  cut  edge  is  incapable  of  taking  strain. 
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3y  placing  the  glass  strips  in  the  beam  or  slab  so  that  the  cut  edge  is 
at  the  neutral  axis  and  the  selvedge  lowermost,  the  stress  taken  by  the 
glass,  although  only  half  that  of  rod  form  is  practically  and  scientifi¬ 
cally  balanced.  In  this  form  also,  wear  does  not  need  to  be  provided  for. 

"In  the  early  stages  there  are,  of  course,  certain  disadvantages 
nos ably  the  present  limit  in  span  and  a  lower  impact  load.  The  present 
application  is  mainly  concerned  with  the  problem  of  surface  air-raid 
shelters  and  here  the  difficulty  is  easily  overcome  by  a  number  of  methods 
Finally,  there  is  the  absence  of  yield  before  failure.  These  disadvan¬ 
tages  revealed  by  initial  tests  will  be  sub jected _to_further  research. 

1 .  Position  of  Neutral  Line 

In  calculating  proportions  to  be  adopted  in  cross  sec¬ 
tion  the  limiting  stresses  which  can  be  allowed  in  the  top  and  bottom  of 
the  section  are  used  to  give  the  proper  position  for  the  neutral  line. 

The  data  assumed  for  concrete  and  glass  are  as  follows: 

Young's  Modulus:  - 

Concrete  -  2,000,000  lb./sq.  in. 

Glass  -  10,000,000  lb./sq.  in. 

Limiting  Safe  Stresses:  - 

Concrete  -  600  lb./sq.  in.  (in  compression) 

Glass  -  2,500  lb./sq.  in.  (in  tension,  fire- 
finished  surface) 

Ir.  a  beam  of  depth  d  in.,  the  neutral  line  will  be  at 
a  depth  from  the  top  such  that  when  the  compression  in  the  top  layer  in¬ 
troduces  s  compressive  stress  60C  in  that  layer,  the  tensile  stress  in 
the  bed layer  will  be  2,p00.  Since  glass  has  a  Young's  Modulus  five 
times  that  of  concrete,  tne  relative  compression  and  extension  to  give 
these  stresses  './ill  be  proportional  to  500  and  2,500/5,  i.e.,  600  and 
500.  This  compression  and  the  corresponding  extension  are  proportional 
to  the  distances  of  the  upper  and  lower  surfaces  of  the  beam  from  the 
neutral  lin'-.,  consequently  mf  the  full  depth  of  the  beam  is  represented 
by  11,  the  compression  cone  (from  the  top  down  to  the  neutral  line)  will 
be  represented  by  6,  and  the  tension  zone  (from  the  neutral  line  to  the 
bottom  of  the  beam,  is  of  depth  5- 
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penetrate  a  little  way  above  the  neutral  line  so  as  to  ensure 
[cut;  edge  being  an  compression. 
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.  .  _p_  -  ■  w.r. : . :• . 

If  she  across  i  in.  of  nh_  section  are  con- 

sidere i  to  essoin  uhe  iiniuir.g  Vending  moment,  it  musu  be  assumed  tint 
she  depth  o-  the  girder  has  sene  value  d  inches,  including  the  'cover' 
of  concrete  on  the  underside  below  the  glass. 

'-her.  equivalent  force  (compression)  in  concrete  = 
i/2  cCO  od  -  ipOd  .  live  effective  line  oi  action  of  this  force  is 
_t  a  depth  i/cd  below  the  top  surface,  i.e.  at  a  distance  l/2d  above  the 
neutral  level. 

Equivalent  force  (tension)  in  glass  =  i/2  2,500  x 

5-  3 

12  “  10  ' 


(The  3/l0  factor  cones  in  because  the  glass  occupies  only  3/10  the  full 
width  of  the  girder,  the  rest  being  concrete  of  no  tensile  strength.) 

So  equivalent  force  in  glass  156.5a. 

The  discrepancy  between  this  value  and  150a  is  due  to 
taking  the  strip  as  occupying  3/10  the  width  instead  of  3S/125;  both 
values  will  be  taken  as  1501. 

Table  I 

Details  of  Reinforcement  of  Specimens 


Specimen 
No . 

Cross  Section 

Length 

Reinforcement 

1 

12 

in.  x 

4-1/2 

in. 

*r 

ft. 

6 

in. 

10  strips  at  i-l/2-in. 

centres 

2 

12 

in.  x 

li_l  fo 

.  —y  - 

in. 

), 

T 

ft . 

/•* 

O 

in. 

10  strips  at  l-l/8-in. 

centres 

j 

12 

in.  x 

4-1/2 

in. 

4 

ft. 

6 

in. 

6  strips  at  2-in.  cent- 

•es 

1. 

h- 

12 

in.  x 

4-1/2 

in. 

4 

ft. 

0 

in . 

6  strips  at  2-in.  centres 

5- 

12 

in.  x 

4-1/2 

in. 

4 

ft. 

S 

in. 

10  strips  at  l-i/8-in. 

centres 

6 

12 

in.  x 

4-1/2 

in. 

2 

ft. 

3 

in. 

10  strips  at  l-l/3-in. 

centres 

7 

12 

in.  x 

4-1/2 

in. 

2 

_ro- 
X  v»  • 

0 

in. 

6  strips  at  2-in.  centres 

L 


[■able  II 


esulvs  on  Pending  To  si' 


bree_men 


Fo . 

i?i  r^’c  Craci 

-  .1  u 

:  Failure 

Design  moment 
( Soden ) 

lo./in. -■ 

lb . /in. 

lb. /in. 

1 

56,300 

64,800 

26,700 

2 

60, 500 

6l,800 

26,700 

3 

3^-,  500 

^5,300 

16,000 

4 

43,800 

4p,100 

16,000 

5 

57,OCO 

63,600 

26,700 

*  Dimensions 

of  bending 

moment  should 

be  stated  as: 

Factor  of  Safety 


2.1.13 
2.3.I 
2. S3 
2.82 
2.3S 


Ed. 


.  2  „  5G  Effectively  the  force  in  the  glass  acts  at  a  distance 

01  3  ^  12  ^slow  J°*ie  neutral  line . 


The  total  bending  moment  is  thus  equal  to: 


15Cd  x  (|  +  ||)d  lb. /in. 


or 


150  x  ||  d2  lb. /in. 


If  d  is  o  m.  this  gives :- 


Tota!  B.M  per  in.  width  =  I50  x  f§  x  36  lb. /in.  -  3,300  lb. /in. 


-or  a  oeam  1  ft.  wide  limiting  3.M.  39,600  lb. /in, 

A  girder  for  A.R.p.  shelters  must  be  capable  of  with 
st^xiing  a  uniform  static  load  of  h50  iu.  per  sq>  ft_  ( 

Its  own  weight). 


of  450  lb.  per  sq.  ft.  would  be  ri 


Txie  maximum  bending  moment  due  to 

m2 


m  addition  to 
a  distributed  load 


~  .  . ,  ,  G1V£n  iy  ~S~  where  5  is  the  load  per  sq. 

f-  c.nd  1  tne  length  of  the  span. 


For  a  4  ft.  6  in.  span  this  gives 


iamfcaatei.ak.Mait: 


3 


tximum  ber.dinf 


moment 


-  -  it. /ft. 

9,112  ,  IP 

-  b^—  lb. /ft.  =  -g=  X  9,112  lb. /in. 

=  13,668  lb. /in. 

Tne  veiGbt  of  the  girder  itself  would  be  about  90  lb. 
per  ft.  run  if  the  depth  ’..'ere  6  in.,  consequently  the  total  bending 
moment  would  be  about  13,668  +  2,734  lb. /in.,  or  say  l6,500  lb. /in" 

According  to  these  calculations,  therefore,  a  girder 
constructed  as  suggested  in  Section  3  would  be  more  than  twice  as  stron- 

as  is  necessary  according  to  the  A.R.P.  Specification  (revised  code)  for 
shelter  roofs . 

Ii  the  depth  of  the  girder  were  reduced  to  5  in.,  keep¬ 
ing  nhe  proportions  the  same,  the  limiting  bending  moment  would  be  re¬ 
duced  to  27,5C0  lb. /in.  Reduction  to  4  in.  (too  thin  for  A.R.P.  Speci¬ 
fication)  would  still  give  a  limiting  bending  moment  of  17,600  lb. /in. 
which  would  be  more  than  sufficient  to  withstand  the  load  specified. 

Allowing  for  the  reduced  weight  of  the  girder  itself , 
the  bending  moment  would  be  about  15,500  lb. /in.  in  this  case. 

A  6-in.  steel-reinforced  concrete  girder  with  centre 
of  reinforcement  5  in.  from  the  underside  would  give  values  as  follows:- 

Porce  in  concrete  |  600  x  .36b  =  103d. 

line  oA  action  is  .12b  below  top  of  girder. 

-  rce  in  steel  is  also  103d,  or  should  be,  and  it  acts 
at  a  distance  d  from  the  top. 

Maximum  bending  moment  is  thus  lOod  x  .SSd  =  10S  x  68d2. 

For  a  6-in.  girder,  the  effective  value  of  d  is  5  in. 
so:-  ’ 

I’-axinun  canning  moment  for  6-in.  girder 
=  iOo  x  .85  x  25 
=  950.4  x  25 

=  2,375  lb.  in.  per  in.  width. 

=  23,400  lb.  in.  per  ft.  width. 


steel  reinforced 


$ 


"This  steel  reinforced  girder  would  be  approximately  r{2  per 
cent  stronger  then  is  necessary  tc  carry  the  450  lb.  lead  per  sc.  ft. 

The  6-ir..  glass-reinforced  girder,  on  the  other  hand,  would  be  140  per 
cent  stronger  than  necessary. 

"The  core  mao  used  throughout  the  t«_sts  which  were  carried  out 
at  the  City  and  Guilds  College  Laboratories  under  the  direction  of  U.  J. 
Marshall,  was  a  1:2:2  mix  of  rapid  hardening  Portland  ccmcr.t,  well -graded 
clean  river  sand  and  5/  -in.  ballast,  except  for  specimen  5,  './here  a  1/4- 


in.  ballast  was  used  for  the  concrete  between  the  gle 


scrap: 


A  wetter 


mix  was  used  for  the  lower  part  of  the  beans  to  facilitate  consolidation. 

"The  glass  reinforcement  was  supplied  by  Pilkir.gton  Brothers, 
Ltd.,  and  cor.sistel  of  strips  averaging  p/lo  in.  thick  by  2-1/4  in.  deep. 
Details  of  the  specimens  are  given  in  Table  I. 

"In  each  case  the  glass  was  placed  vertically  with  the  bevelled 
edge  flush  with  the  underside  of  the  slab.  Test  cubes  w ere  also  made  to 
give  the  crushing  strength  of  the  concrete  used.  The  specimens  were  in 
all  cases  tested  after  seven  days. 

"The  tests  carried  out  were  of  two  types  (a)  bending,  and  (b) 

impact . 

"The  bending  test  vas  carried  out  on  specimens  .1  to  5  in  a 
Riehle  test  machine.  The  beams  were  supported  at  4-1’t.  center,  plywood 
strips  being  placed  over  the  knife  edges  to  eliminate  local  crushing  on 
the  glass.  Point  leads  vere  applied  at  a  distance  of  15  in.  from  each 
support . 

"The  results  of  the  tests  are  summarized  in  Table  II. 

"Deflection  readings  taken  during  the  test  showed  no  appreciable 
deflection  at  one-third  of  the  failing  load  and  at  about  6C  per  cent  of 
the  failing  load  the  deflection  was  0.02  in.  Failure  came  suddenly  and 
vas  of  the  type  usually  obtained  with  brittle  materials:  on  reaching  the 
maximum  load  complete  collapse  occurred  as  distinct  from  ordinary  rein¬ 
forced  concrete,  where  complete  collapse  does  not  occur  until  some  time 
aimer  the  maximum  load  has  been  reached. 

"The  impact  tests  were  carried  out  by  dropping  a  l6-lb.  weight 
from  various  heights  on  to  the  specimen  which  was  supported  at  1  ft..  9  in. 
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c enures  on  a  piaster  of  Paris  bed  1  in.  wide.  The  results  of  the  tests 
were  as  follows 

Snecimcn  i'lo.  6.-  Ball  dropped  from  6  ft.  height  caused 
slight  cracking  on  some  of  the  glass  strips;  on  again  dropping  the  ball 
from  the  height  very  appreciable  cracking  of  the  glass  occurred,  the 
upper  surface  of  the  concrete  was  not  damaged. 

Probably  ultimate  momentum  absorbed  112  ft. /lb.* 

Sneckr.sn  No.  7.-  Ball  dropped  from  4  ft.  height  had  no  ef¬ 
fect;  ball  dropped  from  6  ft.  height  caused  complete  failure. 

"Probably  ultimate  momentum  absorbed  88  ft  ./lb.* 

"It  is  realised  that  these  tests  as  they  stand  have  little 
value,  due  to  lack  of  figures  for  an  ordinary  reinforced  concrete  slab 
under  similar  conditions,  but  a  summary  of  certain  impact  tests  on  re¬ 
inforced  concrete  may  provide  useful  comparison. 

"A  concrete  slab  2-1/2  in.  thick  reinforced  with  .094  sq.  in. 
of  steel  and  supported  at  2  ft.  6  ir..'  centres  absorbed  144  ft.  lb.*  of 
momentum  and  showed  failure  by  crushing  of  the  concrete  at  the  point  of 
impact  and  spallir.g-off  on  the  underside. 

"The  crushing  tests  on  the  concrete  cubes  gave  an  ultimate 
strength  in  direct  compression  of  3,920  Ib./sq.  in. 

"The  report  on  the  tests  concludes  that  the  factor  of  safety 
for  specimens  3  ana  4  is  comparable  with  ordinary  reinforced  concrete 
under  similar  tests,  that  for  specimens  1,  2  ana  5  is  somewhat  lower. 

The  safe  moment  was  based  or.  the  values  given  by  Soden.  The  impact  wests 
compare  unfavorably  with  ordinary  reinforced  concrete.  liar  shall '  s  recom¬ 
mendations  are  that  for  static  loading  of  such  an  intensity  that  the  re¬ 
inforcement  need  not  be  placed  closer  than  2  in.  centres,  glass  provides 
a  good  substitute  for  steel.  In  cases,  however,  where  there  is  any 
likelihood  of  impact  loading  it  should  not  be  used." 

8.  Additional  results  were  presented  by  a  subsecuent  account  in 

1  p 

October  1940  : 

"Further  research  has  been  carried  out  with  a  view  to  increasing 


Should  be  ft. -lb. /sec.. 
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"Details  of  the  specimens  are  given  in  Table  I. 

Tests-  The  objects  of  the  tests  were  as  follows: 

1.  To  determine  the  resistance  raomont  of  12  in.  x  7 
m .  ar.d  9-1/2  in.  x  4-1/2  in.  sections. 

2.  To  determine  the  grip  length  or  'lap'  required  for 
glass  reinforcement . 

-  '  '2,  r  r-  ~  r-  ^ o*”'  *i  n**'  T  c— •  -a  i-  ^  c*  -?  >-i  —  v*  1  ,t\  '  *  c? 

of  gla^s  wish  she  lap  previously  determined  and  to  test  such  a  bear:. 

The  specimens  were  in  all  cases  tested  in  bending,  the 
tests  being  carried  cut  in  a  Riehle  test  machine. 

For  specimens  1  to  10  the  test  was  carried  out  on  a  6-ft 
span,  ar.d  for  specimens  11  and  12  on  a  9-ft  span,  the  loads  being  applied 
an  the  third  points  in  each  case.  Specimen  13  was  tested  on  a  l6-ft  span, 
the  leads  being  applied  at  5  ft.  6  in.  from  each  support. 

Du ri’-g  the  test  the  deflection  at  the  centre  of  the  span 
was  measured  by  a  Farcer  dial  and  from  these  readings  the  modulus  of 
elasticity  of  the  mote-rial  was  calculated. 

Dealing  firstly  with  specimens  without  lap  where  the  object 
of  the  tests  •./as  as  given  under  heading  (l)  above,  the  results  can  be 
summarised  as  in  Table  II. 

The  failure  occurred  in  ail  cases  by  tension  and  was  of  the 
type  associated  with  eriotle  materials .  In  most  cases  a  preliminary 
crach  occurred  at  about  j)C  per  cent  of  the  failing  load. 

The  def  lection  readings  taken  gave  an  average  value  for  the 

/** 

modulus  of  elasticity  of  5o  DO  lb.  per  so.  in.  which  is  approximately 


.0  Z  ZZZC  ~  z 


r.wz  ivV  concrete. 


tie  method  was  used  to  determine  the  grip  length  required 


To  carry  out  a  complete  series  of  tests  to  determine  the 
bond  between  glass  and  concrete  and  the  distribution  of  bond  stress  over 
the  depth  cl  the  section  was  beyond  the  scope  of  the  present  series  and 
the  following  : 

for  a  . glass  strip  5-7/6  in.  deep.  The  beams  6  to  10  were  made  with  short 
strips  cf  glass  of  the  lengths  stated  in  Table  I  ,  thus  giving  laps  vary¬ 
ing  from.  1  ft.  6  in.  to  2  ft.  Specimens  4  and  p  gave  the  strength  of  a 
beam  using  continuous  reinforcement  ar.d  by  comparing  the  strength  of  the 


Table  I 


Specimen 

c 

O  *5 
O 
C-j 

o  Section 
Concrete 

Length 

Reinforcement 

i. 

1?  in 

X 

7 

in. 

6 

ft.  4 

in. 

7 

strips,  5-7/8  in.  deep,  6 

ft.  io.v; 

17  ir. 

X 

7 

in. 

0 

ft.  4 

in. 

7 

strips,  5-7/8  in.  deep,  6 

ft .  io:.g 

3 

12  in 

X 

7 

in. 

6 

ft.  4 

in. 

7 

strips,  5-7/8  in.  deep,  6 

ft.  long 

12  in 

X 

7 

in. 

6 

ft.  4 

in. 

4 

strips,  5-7/8  in.  deep,  6 

ft.  long 

5 

12  in 

X 

7 

in. 

6 

ft.  4 

in. 

4 

strips,  5-7/8  ir..  deep,  6 

ft.  long 

0 

12  in 

X 

7 

in. 

6 

ft.  4 

in. 

3 

strips,  5-7/8  in.  deep,  4 

ft.  ior.£, 

with  central  lap  of  2  ft. 

n 

12  ir* 

X 

7 

in « 

D 

ft.  4 

in. 

6 

12  in 

X 

7 

in. 

6 

ft.  4 

in. 

8 

strips,  5-7/8  in.  deep,  3 

ft.  10-1 /a  in. 

long,  with  central  lap  of 

1  ft.  9  in. 

9 

12  in 

X 

1 

in. 

6 

ft.  4 

in. 

10 

12  in 

X 

7 

in. 

6 

ft.  4 

in. 

8 

strips,  5-7/8  in.  deep,  3 

ft.  9  in. 

long,  with  central  lap  of 

1  ft.  6  i  r. . 

11 

9-1/2 

ir* 

,  > 

:  4-1/2  in. 

9 

ft.  4 

in. 

4 

strips,  4-1/2  in.  deep,  9 

ft.  long 

12 

9-1/2 

in 

.  > 

:  4-1/2  in. 

9 

ft.  4 

in. 

13 

12  in 

.  X 

S 

in. 

16  ft.  6 

i  in. 

See  sketch 

Table  T.I 

Specimen 

Design  Moment 

Factor  of 

:.’o. 

Failing  Load 

B.  K.  at  Failure 

(Soder.) 

Safety 

1 

25,290  lb. 

2 

19 , CoO  lb.* 

23,900  lb. 

Av. 

24,600  lb. 

286,000  in. /lb. 7 

$1,500  in. /lb. 7 

3-15 

i, 

15,360  lb. 

5 

17,930  lb. 

Av. 

16,660  lb. 

199,000  in. /lb. 

52,300  in. /lb. 

5 

11 

5,5oO  lb. 

12 

5,330  lb. 

Av. 

5,450  lb. 

93,200  in. /lb. 

33,000  in. /lb. 

2.93 

*  Reject  result. 

7  Dimension  of  bending  moment  should  be  stated  as: 

lb. -in. 

Ed . 

Table  III 

B.  at  Failure 


Ratio 


_ Strength _ 

Strength  of  Unlapped 


_o,o7G  it. 

15,610  lb. 

16,310  lb.  196,000  in. /lb. 

13,970  I'd. 

-O  ,-  '0  lb . 
i-i  ,700  1b. 

*1,070  lb. 


0.935 


o 


176,500  in. /lb. 

132,600  in. /lb. 


0.386 

0.666 


VO 


PART  III :  FIBER-GLASS  REIHFORCEMERT 


Work  of  Rubinsky 


1j.  Prior  to  1951  references  to  glass  reinforcement  primarily  con- 
ccra.i  soli!  glass  reds  and  strips.  The  first  consideration  of  glass 
f_Lers  appears  so  have  beer,  cy  Professor  Ivan  A.  Rubinsky .  Evidently 
tht.  first  account  of  his  work  that  was  published  in  the  United  States 
•„us  in  the  En  inters  g  Eecs-Rccord^  for  1  March  1951,  and  stated  in  part: 

"Engineers  all  over  the  world  are  now  well  aware  of  the  many 
benefits  of  prestressed  concrete.  But  in  many  countries,  they  cannot 
take  advantage  of  this  material  because  of  the  lack  of  high-strength 
seed  for  prestressing.  In  these  -  as  well  as  in  other  parts  of  the 
world  -  engineers  map-  fine  substitution  of  glass  cords  or  strands  for 
stool  wo*  11  worth  while. 

"This  is  the  suggestion  of  Ivan  A.  Rubinsky,  associate  profes¬ 
sor  of  engineering  and  physics  at  the  American  University,  3eirut, 

Lebanon,  lie  is  at  present  in  the  United  States  on  a  visit. 

"Pro lessor  Rubinsky  points  out  that  the  raw  materials  for  mak¬ 
ing  glass  -  p.sv.  silica  sand  or  borosilicates  -  can  be  found  practically 
anywhere  a.-J  unlimited  quantities.  Manufacturing  processes  are  avail¬ 
able  for  ids.  ng  glass  fibers,  which  can  be  made  into  cords  or  strands. 

And  c.nly  a  *...eli  quantity  of  this  material  is  required  relative  to  steel  - 
for  a  preotr.se  1: am,  perhaps  one  to  two  per  cent  of  the  weight  of  ordinary 
roir.foro  hug  seed  in  an  equivalent  reinforced  concrete  beam. 

"Class  fibers  have  practically  no  plasticity.  They  retain 
their  elastic  properties  until  they  break.  Thus,  residual  strains  are 
nearly  nonexistent. 

"Other  advantages  of  this  material,  according  to  Professor 
Rubinsky,  are  high  resistance  to  acids  and  alkalies  and  ability  to  with¬ 
stand  high  temperatures .  Thus,  concrete  prestressed  with  glass  fibers 
would  be  more  fireproof  than  ordinary  reinforced  concrete  and  immune  to 
the  corrosive  action  of  sea  water  and  many  chemicals. 

"furthermore,  the  professor  says,  the  low  modulus  of 


lo 


elasticity  of 


core 


an  aavar.tayc .  V.itn 


( a'.: out  6,0C0,0C0  pci) 
prestressed  concrete,  the  lever  the  modulus  of  elasticity  of  the  prestresc 
ir.g  element,  the  smaller  will  he  loss  cf  pre stress  due  to  shr inhay e,  tem¬ 
perature  change  and  "elastic  flow7  of  concrete. 


s  a  veil  established  fact  that  g lass  fibers  have  pro at 
Professor  F.ubinshy  notes  that  strengths  as  hi gh  as 
5,200,000  psi  have  been  reported  for  silica  fibers  0.C0012  in.  in  diameter 
He  expects,  however,  due  to  uneven  distribution  of  stress,  the  strength 
of  cords  made  cf  such  fibers  till  be  considerably  less  than  the  sun  of 
the  strengths  cf  individual  fibers,  nevertheless,  ultimate  strength 
values  above  1,000, C00  psi  can  be  anticipated.  Hence,  the  amount  of 
plans  fiber  seeuired  for  prestressir.g  is  about  one-fourth  the  volume  cf 
225,C20-psi  cold-  Iran*,  steel  viro,  and  one -fourteenth  the  weight. 


construction,  however,  is  net  simple.  One  complication  is  that  the  ten¬ 
sile  strength  os'  place  fibers  decreased  with  incrc-asinp  diameter.  Also, 


the  effect  cf  irrepularit ies  and  crachs  must  be 


tc:.:er.  irrco  cic  . 


"These  defects  m_y  exul; 


tr.e  variation  m  strenpta  wit n 
diameter.  Tuc  smaller  the  fiber,  the  smaller  the  rramber  of  irrcpularitie: 
and  her.ce,  the  preatcr  the  possibility  of  a  hipher  averape  ultimate  stres: 


It  is  also  possible  to  suttose  that  vhi 


fiber  is  formed,  defects 


elcr.pated  parallel  to  the  axis  cf  the  fiber,  vac  finer  the  fiber,  then 
the  more  elcr.pated  the  defects.  This  elor.patior.  cf  defects,  especially 
of  those  or.  the  surface,  may  reduce  local  stresses  ar.d  so  increase 
ultimate  strerpth. 

"Another  pi.ysi  :al  property  af f ectir.p  the  use  of  plans  fiber 
in  prestressed  concrete  is  the  difference  ir.  strength  between  dry  fibers 
end  wet  ones,  experiments  have  shewn  that  strenpth  may  increase  2-5  to 
h  times  _  *.  a  vacuum,  that  is,  when  absorbed  moisture  is  completely  elim¬ 
inated.  Cr.e  explanation  for  failures  at  relatively  low  values  in  humid 
atmospheres  is  that  surface  crachs  and  defects  in  the  fibers  are  filled 
with  silica  pels.  Tr.esc  swell  when  exposed  to  humidity,  setting  u  in¬ 
ternal  stresses  and  decreasing  the  strength  of  the  fibers. 

"Another  problem  that  designers  of  glass-fiber  pre stressed 


concrete  would  er.ecunt rr  is  the  o  of  obtaining  equal  distribution  c-i  stress 

'  "  O  **'  ■  *  e.  — <  — ’  r  S  O-  U  —  U  *— n  }..r— — e».w— »  ii  — •  i  c  —  _  .  0  •>  *  .  Oi.lIu  o .  -  —  — t  —  C  r. f ,  vil 


Cl  a  -less  ;;;vr.:  nay  to  ever  90,-' 


tOss  then  the  sun  of  the  strengths  oi 


r.naviuua..  user. 
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develop  a  type  oi  strand  or  cord  that  would  have  a  hi gh  eiicctive  strength, 
ou— —  uj  luCui. -L s  t..c  r.coess^^  —  — *r  2u..u— ng  wi. o  p r o _ -  — 1  r 


through  end  anchorages  vie':. out  toad.  In  the  latter  case,  Professor 


ongiauafn—  g reeves  into  vsicn 


-  t-.  a/  .  L 


wi:—  ii*  30  3:...pt;u  u.3  r.oo  10  /. -VC  c*r.y  oui-io  cr.Gr.j.c-  ir.  curvoture  to  avoid 
cv-rsaress_rg  cords  at  sharp  corners.  Minims:.:  ullcv-bic  radius  of  curva¬ 
ture  ,..,otld  be  determined  by  strength  of  concrete,  working  stresses  in  the 
cards  and  card  di; _ ter. 

"To  apply  the  prestress,  cne  cr.d  of  the-  cord  would  be  anchored 
to  tr.e  concrete.  *..-n  tno  oora  vou-.u  se  vcur.a  into  a  continuous  groove 
under  calculated  tension.  Finally,  the  second  end  should  be  anchored  to 
the  concrete . 

".•'.  word  of  caution  is  .necessary,  however.  As  the  cord  is  wound 
arc  "  i  the  groove,  the  member  deforms,  the  amount  of  compressive  strain 
in-.  __sing  as  successive  layers  of  cord  are  applied .  Phis  tends  to  de¬ 
cree  se  the  sties-  in  the  layers  placed  first.  Fortunately,  as  Professor 
P.ubir.s.-iy  points  cut,  the  modulus  of  elasticity  of  class  cord  is  small, 
so  that  the  less  of  stress  is  almost  negligible  and  can  be  easily  taken 
into  account  or.  deci.pr.  calculations  if  desired. 

"For  countries  that  import  steel  or  do  not  have  sufficient 
epuantinies  of  it,  replacement  of  steel  by  glass  offers  tremendous  econ¬ 
omics,  Professor  Fubinshy  concludes.  Especially  since  natural  supplies 
of  silica  for  making  glass  are  available  practically  everywhere . " 

11.  In  August  1951  Bubinsky  prepared  a  report  of  his  vork  at 
Princeton.  This  report  has  not  been  published,  but  a  copy  was  loaned  for 
.examination  by  the  USECEFB  Laboratory.  The  report  includes  a  review  of 
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•  0.  Lv^rl^'i:  conducted 
“u--'-r  °:'  '-.O'-j  ...nd  ccnclusle; 
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cc.-.v:vi  by  the  ropc.-t  consisted  of  tensile  or. a  fiex- 
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vi 
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ir.ar.tal 


“  ’>  c:  “"-u  bore  between  oh  a  f.ber  class  and  the 

-  “n'“  testing  of  two  beams.  Or.e  of  the 
u'l'UJ‘J  t,**,u  w**k-  oiynor  vo j’cs'ui'ccccd 

l-oo  cords. 
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Polyester  resins  is  a  practical 
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-a.er.a-  is  perfectly  elastic  and  brittle.  These  p^one^ 
-os  create  certain  difficulties  in  anchorage  problems/ 

„°“f,  °'?e.  r"os1;  lr-Portant  phc-no.T.cr.a  encountered  in  cor.- 

..c:r_m  vitn  tr.e  material  tested  vas  that  of  static 

‘“^>w3‘  -utigue  varies  vith  the  percentage  of  the 

^''ubill  *  °r  flexural  stresses  to  which  the  sarnie 
-o  ^uJjwC^ca.  apparently  the  values  of  the  ultimate 
or^ota  have  to  be  always  determined  for  certain  rates 
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j.ne  hj*]  r.eo.iOa  i aexurai  test  was  developed  durin"  the 
!°  eliniinate  to  a  ©**  degree*  all  except  the 
f o-l’^- 1? . TC1^  Xt  can.be  U3ed  successfully  both 
‘T~lf  K'"'~  u  0l-Ga°e  strength  and  for  determining  the 
-^c.t_c  acoigue  cnaraetoristics  of  the  material. 

Geor.  plastics  loses  its  strength  con- 

UJ;aer  ,tne  actlo“  of  alkalies  found  in  cement 
and  even  ur.ee r  the  action  of  plain  water. 


_nv.  Ai-  manui matured  by  Sportsmen  Accessories,  Inc.  an- 

V\  V,  rj  p  Up.  _  l  ,T  *  J  UA. 

dcvVirr'/C  °  Soror.g  material  as  the  glass  fibers  in  it 
^:;°Pr  “  strer.gtn  of  200,000  psi;  however,  the  effects 
oi  alkalies  and  water  have  not  yet  been  investigated. 


f°£tfered  Vi?  ribei'“ Glass  rods,  bond  depends 
J*  '  °anoss  0i  bne  surface,  the  diameter  of  the  rod, 

—d  me  amount  of  prestress  applied  to  the  rod. 
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:cou:yc  \u^jlic.:ou  cy  .lU^nc-iy  vac  ir.  t::o  .  /.  v.:  :.  j  c: 
It  includes  references  to  the  work  inimiabed  by  him 
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ncvledgmants  were  made  to  Princeton  University  s::_  to  Dr. 

Dor  nermissicn  to  use  certain  nhotograohs .  fhi s  account 
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rid  shortage  or  absence  of  sene  building  mate¬ 


rials,  together  with  the  ai.r.cst  universal  shortage  oh  housing;,  have  led 
many  to  initiate  research  in  cheaper  and  commoner  sucstitutcs  to  tradi¬ 
tional  building  r.aterials.  Steel,  vhich  is  everywhere  in  short  supply 
and.  in  many  countries  is  not  produced  at  all,  is  one  of  the  most  costly 
and  tost  important  building  r.aterials. 

"This  shortage  of  steel  during  and  after  the  Second  World  War 
fas  the  major  impulse  to  th.e  development  of  prestressed  concrete.  Thao 
development  would  be  still  more  valuable,  however,  if  it  were  possible 
to  substitute  for  the  steel  a  material  which  could  ce  produced  everywhere. 
Glass,  in  the  form  of  fibre-class,  may  provide  the  solution. 

"The  purpose  of  this  article  is  to  provoke  interest  in  the  pos¬ 
sibility  of  using  fibre-class,  and  to  inspire  further  research  into  the 
problems  entailed,  as  well  as  suggesting  lines  for  future  experimental 
work . 

"Attempts  have  been  made  to  substitute  fibre-class  for  steel 
in  reinforced  concrete  (Jackson  patent),  but  all  such  efforts  are  doomed 
to  failure  because  of  the  low  modulus  of  elasticity  of  glass  compared  with 
that  of  steel;  as  the  elastic  modulus  of  glass  is  only  about  twice  that 
of  concrete,  very  little  of  the  tensile  stress  will  be  transmitted  from 
the  concrete  to  the  glass  reinforcement,  while  the  difference  in  strength 
between  the  fibre-glass  and  the  concrete  is  very  large. 

"In  prestressed  concrete,  however,  conditions  are  very  different. 
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Per  example,  a  type  of  fiore-glass  manufactured  by  the 


Cwens-Corning  Pibergias  Corporation  for  the  reinforcement  of  plastics 

poscasscc  an  average  strength  of  270,000  ib/eo.  in.  according  to  their 
ri 

official  statement /,"F.  The  Research  and  Development  Laboratories  of  the 
Corporation  give  the  following  information: 

"The  highest  stresses  obtained  with  phase  fibers  are  oC0,C00 
to  JcOjCOO  lb/sp .  in.  'fhcce  are  strictly  laboratory  values  secured  on 
freshly  formed  and  carefully  protected  fibers.  Ultimate  tensile  strengths 
of  continuous  il latent  strands  commercially  available  range  from  150,000 
to  ICO, C00  lb/sp.  in.  depending  or.  the  coating,  surface  treatment  and 
handling.  The  modulus  of  elasticity  of  fibre-glass  fibers  is  about 
10  x  10  Ib/sc.  in.  Perhaps  one  of  the  best  recent  accounts  of  the 
physical  properties  of  glass,  with  particular  reference  to  its  mechanical 

yj 

strength,  is  that  given  by  Stanvcrth  ,  which  includes  an  extensive 
bibliography.  In  addition  to  describing  the  various  physical  properties 
of  glass,  the  author  reviews  the  theories  of  strength  put  forward  by 
Griffith,  Orowan,  liurgatreyd,  Gurney,  Taylor,  etc. 

"All  authors  agree  that  the  phenomenon  of  high  strength  is 
dependent  upon  the  diameter  and  length  of  the  fibre :  the  strength  in¬ 
creases  considerably  with  decreasing  diameter  and  length. 


to  surface  moisture,  it  is  very  .likely  that  static  fatigue  also  exists 
ir.  fis.ms,  bus  skis  remains  sc  be  verified  experimentally. 

"As  glass  fibres  are  very  brittle,  it  is  necessary  tc  protect 
the  cl—  s  y„rr.s  and  cords  by  sc:.:e  kind  of  protective  layer.  Tills  is  iveces 
sary  :  ss  only  to  prevent  breakage  of  individual  fibres  due  to  abrasion, 
but  also  so  bind  nhem  together  and  produce  a  more  even  distribution  of 

"Various  for-r.s  of  fibre-glass  are  commercially  available. 

11. ess  ir.clv._e  fibre-glass  yarns  and  cords  made  up  of  twisted  strands  with 
several  surface  treatments  and  glass  fibre  rods  and  tapes,  some  of  then 
rads  up  of  unidirectional  fibres,  bonded  together  with  plastics  or  resins. 


Poayesaer-oondcd  lisro' 


rods  are  among  the  most  convenient  forms  of 


fibre-glass  for  pre stressing  so  far  found  by  the  author.  The  saturated 
polys  seers  do  r.ot  require  high  pressure  during  moulding  and  laminating 
operations,  ar.d  one  curing  temperatures  are  usually  ir.  the  range  from  225 
tc  275  F.  haring  the  curing  cycle  these  resins  themselves  generate  heat, 
facilitating  the  moulding  operation. 

"The  tests  carried  out  by  Professor  Rub insky  were  on  polyester- 
bended  fibre -glass  rods  of  l/k  in.  diameter,  specially  manufactured  for 
him  by  the  Columbia  Products  Co.  (U.S.A. ).  The  ultimate  strength  of  the 
rods  was  found  to  be  1-7,000  Ib/sq.  in.  and  the  modulus  of  elasticity 
aoout  7  x  aO  ro/sq.  :.n. 

"The  experiments  shoved  that  the  load  which  could  be  sustained 
was  dependent  upon  time.  As  however,  an  unreinforced  sample  of  the  bond¬ 
ing  plasw.c  was  r.ov  available  for  test,  it  was  not  determined  whether 
this  effect  was  due  to  static  fatigue  of  the  glass  fibres  or  to  creep  of 
the  bonding  manorial. 

"A  simple  method  was  developed  to  determine  the  flexural 
strength  under  the  action  of  a  sustained  moment.  The  ends  of  a  fibre- 
glass  rod  were  clamped  into  small  grips;  the  grip  at  one  end  was  fixed, 
and  the  other  grip  forced  towards  it  by  rwans  of  a  cord  with  a  weight  at¬ 
tached,  thus  forcing  the  rod  into  a  bow  shape.  The  distance  between  the 
two  ends  was  measured  for  each  loading. 

"The  above  provided  an  easy  means  of  loading  the  rods  to  a 


. . : 


such  us  c or  ru gut i on s  or.  the  surface,  are  desirable.  A  maxima:.’.  Lor.- 
of  i,CpO  lb/ so .  in.  van  reached  with  a  rod  of  1/4  in.  di are ter  cab¬ 


in  concrete. 

"The  design  of  suitable  ,2 rips  -  either  temporary,  her  pee a.i- 

sicr.cd  concrete,  or  porr.ar.ent,  for  post -tens icr.cd  concrete  -  p r; _ _ c  a 

mayor  difficulty,  as  the  brittle  rod  is  liable  to  fail  in  the  gr_p  itself 
due  to  the  combined  effects  of  shearing  and  crushing  stresses  added  to 
the  tensile  stress.  An  ideal  grip  must  be  such  that  the  tension  is 
transmitted  gradually  from  rod  to  grip .  A  few  designs  of  grips  have  beer, 
tried,  such  as  two  grooved  plates  bolted  together,  the  bolts  being  of 
varying  size  so  calculated  that  the  centre  of  gravity  of  their  cross  sec¬ 
tions  \/as  one-third  of  the  distance  from  the  testing-machine  end  of  the 
clamp,  but  further  experiments  are  necessary  to  find  a  really  successful 
grip.  Good  results  have  been  achieved  by  Xear.e,  who  used  a  grip  consist¬ 
ing  of  a  1/4  in.  pipe,  12  in.  long,  with  the  fibre-glass  rod  bonded  to 
it  by  a  cold-setting  resin.  The  adhesive  must  be  selected  with  care, 
however,  to  minimize  creep. 

"Tests  cn  model  be.: ns 

"Tests  on  two  types  of  model  concrete  beams  'were  made  by  Profes¬ 
sor  Rubinsky.  One  type,  3  x  4-1/2  x  3^  in.  long,  was  prestressed  by  two 
1/4  in.  diameter  polyester-bonded  fibre-glass  rods.  The  other  type  was 
of  similar  size,  but  with  a  circumferential  groove  1  in.  wide  and  l/2  in. 
dc-ep;  after  curing,  this  beam  was  post-tensioned  by  means  of  a  Gccr.-coatcd 
fibre-glass  cord  of  0.042  in.  diameter  wound  round  the  beam  at  a  constant 


tension. 


"Both  types  of  beams  were  loaded  to  destruction.  The  first 


type  proved  successful  and  withstood  loads  slightly  higher  than  predicted. 
In  the  second  type  the  edge  of  the  groove  sheared  off,  due  to  the  lateral 
pressure  of  the  cords.  Unfortunately  time  did  not  permit  a  repetition 
of  the  experiment  with  the  edges  reinforced. 

"The  research  carried  out  by  Professor  Rubinsky  was  of  a  pre¬ 
liminary  nature,  primarily  to  determine  whether  or  not  it  is  feasible  to 
use  fibre-glass  as  reinforcement  for  prestressed  concrete  and  to  gather 
data  on  the  physical  properties  of  fibre-glass. 
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elasticity  of  fibre -glass  products  should  be  determined,  based  on  a  large 


n under  cl  tests.  Methods  of  increasing  bond,  and  improved  types  of  an 


chcruy.es  should  be  deveicted. 


"Suitable  plastic-bonded  fibre-glass  reinforcement  would  be 
particularly  valuable  for  pro stressing  structures  exposed  to  corroding 


iorceu  suc.i  as  sea  v.'ater 


"When  all  these  problems  have  been  solved,  glass  reinforcement 
for  concrete  will  compete  seriously  with  steel,  bearing  in  mind  that  with 
possible  improvement  in  the  manufacturing  process  a  product  with  an  ul¬ 
timate  strength  of  1,000,000  lb/sq.  in.  may  be  achieved.  Compared  with 


C,\J 


litigate  strength  of  22k, 000  lb/cq.  in.. 


es  ss  d  present  used  for  prestressed  concrete;  the  amount  of  gloss  fibre 
required  would  be  about  one-quarter  by  volume,  and  about  or.c-thirtccnth 
by  weight  of  that  of  high- tensile  steel.  If  ordinary  reinforced  concrete 
fere  replaced  by  concrete  prestressed  by  fibre-glass,  the  amount  of  glass 


requires  foula  oe  about 


1-1/2  -  2  per  cent  of  the  quantity  of  mild  steel. 


It  is  thus  evident  that  the  use  of  glass  instead  of  steel 
veuid  lead  to  considerable  saving.  For  countries  that  import  steel  or 
do  not  have  sufficient  quantities  of  it,  replacement  cf  steel  by  glass 
vouiu  result  in  a  tremendous  national  economy,  especially  since  natural 
supplies  of  silica  are  found  practically  everywhere  in  the  world." 


Work  of  Crc-pps 
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15-  Crrpps  presented  a  summary  of  information  including  the 
following,  but  made  no  reference  to  Rubinshy: 

"The  feasibility  of  tailing  advantage  of  certain  physical  prop¬ 
erties  of  glass  fibers  for  application  and  use  in  the  tensioning  element  of 
prestressed  and  poststreseed  concrete  structural  members  is  indeed  intri¬ 
guing  to  both  engineering  designers  and  constructors .  Much  interest  in 
this  subject,  largely  academic,  has  been  shown  during  the  past  ten  months, 
although  constructors  and  fabricators  arc  anxious  to  cooperate  ir.  any  work¬ 
able  enterprise  to  verify  design  considerations  for  practical  usage,  be¬ 
fore  any  practical  application  of  glass  fibers  in  prestres-  structures 
is  justifiable,  considerable  experimental  investigations  are  necessary. 

"This  paper  is  not  intended  to  be  a  report  o..  specific  re¬ 
search  in  this  field  of  engineering  but  is  giver,  to  convey  the  important 
properties  of  glass  fibers  useful  in  pro stressing,  and  to  point  cut  sev¬ 
eral  problems  of  concern  in  the  application  of  ccr.sr.erci ally  available 
glass  fibers  and  products. 

"Design  considerations  cf  prestressed  concrete  structur'd 
members  depend  upon  the  two  important  physical  properties  of  the  tension¬ 
ing  element,  namely  strength  and  stiffness.  A  high  unit  yield  or  ultimate 
tensile  strength  is  desirable  from  an  economic  viewpoint  but  not  necessary 


uiu.  JU_:: ^  vji  _  w 


ulus  of  elasticity  ( 


ts  are  very 


a  cure  ore  ->',1 


s  conduced 


nernanent  act  1 


s  yarn  nCi)  pou-x/a  an  a  recent  roxeaseu  r r. 
cr  General's  office.  'Therefore  tract icaj 


about  one -third  as  much  as  steel;  the  specific  Gravity  of  glass  is  2.5^ 
while  that  for  steel  is  7*3. 

"Yarns  of  Fiberglas  are  made  by  combining  several  strands,  of 
204  filaments  each,  which  are  twisted  and  plied.  The  combination  of 
number  of  strands,  their  twists  and  plies  are  governed  by  their  intended 
use.  By  comparison,  their  tensile  strengths,  when  determined  by  the  AST  'A 
D  :>73  hethods  cf  Tests  for  glass  yarns,  are,  on  an  average,  about  oO  per 
cent  of  that  for  an  ecus!  number  of  straight  filaments.  The  modulus  of 
elasticity  for  yarns  is  also  lower  than  for  single  filaments,  the  exact 
value  depending  upon  the  construction  of  twists  and  plies,  but  vill  range 
from  4,v00,00o  to  b,CeO,QCO  psi. 

"Several  manufacturers  of  reinforced  plastic  rods  incorporate 
a  number  cf  strands  of  glass  filaments  in  parallel  as  the  reinforcement 
in  the  plastic.  These  rods  have  tensile  strengths  per  unit  cross  section 
only  slightly  lower  than,  but  somewhat  in  proportion  to,  the  combined 
strength  of  the  number  of  individual  filaments  used.  Strengths  of 
210, CCO  psi  have  been  obtained  per  unit  cross  section  of  the  rods;  how¬ 
ever,  strengths  of  currently  produced  rods  approximate  130, CCO  psi.  A 


*•  Research  and  Development  Report,  Textile  Series.  Report  ho.  64, 
"Tensile  Recovery  Behavior  of  Textile  Fibers,"  by  George  Susich  ar.d 
Stanley  Backer,  Department  of  the  Amy,  Office  of  the  Quartermaster 
General . 
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sufficient  holding  power  to  cause  failure  outside  cf  the  grips.  Slippage 
is  caused  by  the  smoothness  and  hardness  of  the  glass  surface;  and,  too, 
the  hardened  points  of  serrated  surfaced  metal  crips  tend  to  break  the 
surface  fibers  in  plastic  rods.  These  phenomena  success  special  attention 
need  be  taken  in  the  development  of  a  suitable  mechanical  anchorage,  such 
as  may.be  employed  in  poststressing.  Any  mechanical  or  hydraulic  device 
used  in  straining  should  be  cajjable  of  three  to  five  times  the  movement 
encountered  with  steel  because  of  the  differences  in  the  moduli  of  elas¬ 
ticity. 

"If  plastic  rods  are  used  in  a  bonded  prestressed  member,  how 
efficient  and  how  durable  is  this  bond?  Studies  need  to  be  made  to  deter¬ 
mine  the  magnitude  of  bond  between  the  several  kinds  of  plastics  employed 
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'chat  -'loci’  glass  has  characteristics  lor  a c coup  1  i oh i r. g  Ohio  psrpcse ,  ar.d 
ir.  order  to  do  to  rial  no  the  merits  of  liber  glass  and  possibly  other  mate¬ 
rials,  the  Laboratory  has  initiated  enter  ir.snts  to  dote  mine  the  value 
ol  materials  other  than  steel  lor  use  in  prestressir.g  concrete. 

"Ihe  program  is  in  the  initial  phase  ol  establishing  the- 
physical  properties  ol  various  commercially  manufactured  fiber  class  rods 
and  oars,  this  program  was  initiated  so  recently  that  r.o  results  as  yet 
are  available,  Since  the  use  cl  fiber  g'iass  lor  this  purpose  is  quite 
controversial,  the  projected  research  plan  viii  emphasize  the  determina¬ 
tion  of  the  fcliovirg: 

1.  Economies  cl  using  fiber  glass  in  lieu  ol  steel  for 


-orestressar.g. 


2.  Physical  properties  of  fiber  glass. 

5-  Chemical  resistance  of  fiber  glass  to  the  adverse  cor¬ 
rosive  effects  of  cement . 

4.  Prestressing  techniques  vrhen  using  fiber  glass. 

:'It  is  felt  that  research  along  the  above  lines  vill  do  much 
to  ascertain  vhether  fiber  glass  dees  have  a  place  in  the  prestressing 
picture  .• 

"The  Laboratory  has  recently  been  informed  that  Professor  Ivan 
Eubinshy,  of  the  American  University  of  Beirut,  Beirut,  Lebanon,  holds  a 
Lebanon  patent  on  the  use  of  fiber  glass  for  ore  stressing  concrete." 
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17-  Bubsoeuont  bo  Rub in sky 1  s  departure  from  Princeton,  work  was 
continued,  partially  with  financial  assistance  fron  the  Bureau  of  Yards 
ana  Bochs.  U.  S.  law.  Several  reports  of  this  work  have  been  prepared 


.,  hi 

lb.  A  major  portion  of  the  report  by  Keane  deals  with  expert - 

r.-.er.ts  with  various  types  of  clamps  for  use  in  gripping  the  fiber-class 

specimens  during  various  tests.  The  most  promisir.y  clamping  device 

tested  was  a  conical  grip  in  watch  the  specimen  was  held  by  a  plug  and 

cemented  in  place  with  resin. 

19-  Keane’s  findings  with  regard  to  creco  arc  at  variance  with 
those  reported  by  Rubir.sky  *  .  Keane  reports  as  follows: 

"In  his  preliminary  reports,  Rubinsky  described  the  static 
fatigue  and  failure  of  the  reds  under  various  loadings.  Using  the  1  bow 
method’  of  flexural  testing  and  a  centrally  loaded  fiber  glass  rod  simply 
supported  as  a  beam,  failure  with  time  occurred  with  no  apparent  creep 
in  the  rod. 

"Under  conditions  of  cantilever  loading,  creep  './as  detected 
in  the  rod.  This  suggests  the  following  explanation  of  why  fiber  glass 
rods  fail  at  a  lesser  stress  under  long  time  load  conditions. 

"When  a  constant  load  is  applied  to  a  fiber-glass  rod,  some 
stress  is  taken  by  the  fiber  glass,  while  some  of  the  stress  is  taken  by 
the  tensile  properties  of  the  resin.  The  properties  of  the  resin  are 
such  that  it  creeps  or  flews  thus  releasing  a  part  of  the  stress  carried 
by  the  resin.  Since  the  load  is  constant,  the  stress  released  by  the 
resin  must  be  taken  by  the  fiber  glass.  Thus  the  fiber  glass  takes  an 
increasing  proportion  of  the  load  with  time  until  it  reaches  a  failing 
stress.  Since  the  rate  of  plastic  flow  increases  with  an  increase  of 
load,  it  can  be  seen  that  at  heavier  loads  the  rate  of  transfer  of  stress 
from  resin  to  fiber  glass  will  increase,  causing  failure  of  the  rod  in  a 
shorter  period  of  time.  This  explanation  applies  to  fiber  glass  rods 
tested  in  flexure  or  in  tension.  The  magnitude  of  shearing  strains  re¬ 
sisted  by  the  plastic  in  flexure  tests  indicates  a  short  tine  tensile 


indicates  a 
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*-<.  . uc'-.^  .o  f~c  Locating  the  poi.no  of  application  or  the 

c^. -  .  j  c  ...  i...  .  c.  t..o  team  and  at  the  same  tins 


c  1 ::.... '.-.t.n.:  vcr.-i  forces  in  the  bottom  fibers  of  the 

:...:.bcr,  Onus  :.nc^u„.;:.0  the  fabcr-glass  rods  to  sustain  the  entire 
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eoiuior_l  loading  machine  was  used  ir.  the  inve st igat ions 
he-r.cmcuon  in  fiber  plans.  'The  cycle  of  loading  required 
tie:,  of  load  each  :..inute.  The  applied  ^oad  varied  from 

.  r.  the  results  of  these  tests,  h'eis  concludes  as  follows : 
.....It  for  fiber  plans  rods  as  determined  from  these  exper- 


i.su-ef;,  5£;'j  of  the  ultimate  stress.  However,  in  those 
c  nditions  found  ir.  actual  practice,  this  endurance 
..— y  he  found  to  be  appreciably  greater." 
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’with  the 
’./as  that 


work  or.  the  use  of  fi: 
by  Alexander  Surkc,  J: 


lister !  s  thesis  produced  in  connection 
r  plans  for  use  in  prestressed  concrete 
1  .  The  portion  of  the  propram  studied 


by  Surko 
plass  in 


wan  the  determination  of  ’whether  or  not  the  strength  of  the  fiber 
a  fiber-glass  reinforced  plastic  rod  could  be  more  fully  de¬ 


veloped.  He  showed  again 
tion,  fiber  diameter,  and 


that  glass-fiber  strength  varied  with 
surface  condition.  Silica  glass 


composi- 


in  small  fibers 


& 
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by  ur.  anomalous  increase  of  viscosity  with  increasing  tension.  This  is 


VI CCOk 

consc._uer.ce  of  the  molecular  constitution  of  the  molt  and  is  possible  only 

if  there  is  an  orientation  and  distortion  of  the  molecular  ingredients 

during  the  cion potion  of  she  fiber. 

1-7 

j'j .  .-.urgasroyc.  studied  the  mechanical  properties  of  glass  floors 
and  determined  the  modulus  of  rigidity  and  Young's  modulus  of  elasticity 
us  f ur.c. 'eior.s  of  fiber  diai.-.c tor .  lie  also  clovo.lopod  a  relationship  ""or  the 

/  Lri 

r  up  sure  strength  of  gir  ss  filaments  a.s  a  function  of  time  (see  3itcl 
P  300). 


*\CMor 


studied  the  effects  on  tensile  strength  of  glass  fibers 


of  initial  tensions  and  ether  conditions  of  eduction  and  made  evident 


he  steep  increase  in  tensile  strength  vita  decreasing  diameter  is 


the  con.se  cue  nee  of  a  much  reduced  number  of  inner  flaws  in  the  fiber. 

The  extension  structure  of  the  fibers  brings  about  a  strongly  prestressed 
condition  in  the  exterior  none,  which  must  additionally  be  overcome  in 
the  tension  test.  Rupture  most  frequently  starts  in  the  surface  layer 
of  the  fiber  in  which  the  flaws  are  located;  if  this  "defect"  surface 
layer  is  removed  by  etching  with  hydrofluoric  acid,  the  flaws  are  also 
removed  ar.d  the  fiber  is  strengthened  up  to  302  per  cent.  After  removal 
by  etching  of  a  layer  O.pb  thick  the  fibers  attain  maximum  strengt 

2o 

Freshly  produced  fibers  have  higher  strength  than  aged  fibers  (see  Eitel  , 
pp  2$3-3CO). 

37 •  awe  classes  of  glass  fibers  are  defined  by  ASFM  Designation 
C  lo2:  (a)  continuums  fibers  are  filaments  of  great  or  indefinite  length, 
ar.d  (b)  stand  a  fibers  are  of  relatively  short  length,  generally  less  than 
17  in.  The  sure  reference  noted  than  corosilicate  glass  is  glass  that 


contains  at  least  5  par  cent  boron  oxide  (3^0^). 
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akor  ar.d  ?re rton  ccnfir^ed  the  existence  of  fatigue  of  glass 
under  static  load  when  rods  7/30  in.  in  diameter  were  tested,  but  found 


-u-.  -•>-< 


•3,0. 


describes  the  use  of  internal  damning  studies  of  fine 


glass  fib'rs,  in  vacuo,  at  low  frequencies  and  constant  temperature  to 
evaluate  the  effects  of  fiber  diameter,  IfF  etching,  and  similar  factors 
to  develop  information  or.  deviations  from  nerfect  elastic  behavior. 


iinir'iiiii  i  ifn 
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v.  portion 


Chicago .  The  panel  unit  was  towed  like  a  pill-..',  evidencing  considerable 
of.-nsicr.,  and  uk-  ■■lass  insert-  "ire  ball'--  cracked.  The  clc.es  shewed 


:.etvccn  it 


also  internal  transverse  fractures  that  start  mostly  Ir.  the  spelled  border 

4-  .  .  4 *  J.  .  .  ..  ‘>H-_  vi.’.xO  h_J  .1,  I.  4.*  4  _.  *  .  ' - ^.  •  J.  '  —  ,1  *V\r  i^V  hr-.  4,  •  ‘  U  .4.  ."*  4^  .->  O  S  —  i-  ' - ■ 

report  id-:-  or.  cnar.uie  of  severe  clerical  reaction  between  tortlar.d  cement 


tile  vail  surfacing  in  a  bathroom.  Observations  of  the 


enema ca_  reactivitv  of  rn ass  ana  tne  a„saiios  in  nort..ana  cement  were 
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v-  1  by  I:.  S.  heissner  vhen  the  notion 


pro  stressing  and  reinforcing  medium  -..'as  Giver,  publicity  in 


the  United  Crates.  In  1951  hr.  Koinsr.er  ’./rote: 

"Prof.  I.  A.  Pubir.sky  has  suggested  that  glass  fibers  would 
serve  as  the  reinforcing  ana  pre stressing  medium  for  prestressed  concrete. 

"Professor  Nubinsky  is  reported  to  propose  glass  re  inf  or  cer.ent 
because  it  is  resistant  to  acids  and  alkalies,  hany  are  inclined  to  ac¬ 
cept  such  a  statement  readily,  since  glassware  is  the  ccnr.cn  implement  of 
the  chemist,  who  does  not  hesitate  to  use  it  as  a  container  for  the  most 
corrosive  materials.  Yet  potass  is  soluble  in  alkaline  solutions. 

"I  cm  tola  that  pin,  for  instance,  is  sold  in  frosted  bottles 
so  that  the  consumer 1  s  curiosity  would  not  be  aroused  by  etched  glass 
vere  it 'to  be  packaged  in  clear  glass  containers.  The  pH  of  pin  is  so 
high  that  the  glass  is  slowly  attacked  by  it.  Naturally  the  consumer 
would  be  skeptical  about  ’.Coat  such  a  product  might  do  to  his  stomach  if 
he  vere  aware  of  what  it  did  to  glass. 

"How  over  6Cp  of  portland  cement  is  alkali  material,  and  it 
contains  small  amounts  of  the  very  active  alkalies,  sodium,  and  potassium. 


:o  wn_cn  cement 


i n  sucn  act-or.s ,  'Is* ^cj y  i.-eve  cccr.  a'e...iccrutc-Ly  puls 


pitc-  prepared  oy  c running  pyrox 


lino  of  sand.  Mortar  made  with  this  crush-ad  glac 


cio or.  ’..’ill  exqxir.a  as  much  as  0.2^,-  ir.  2  weeks,  and.  exude  calcic-  and 


ccdic-silica  pels  from  its  surface.  1  understand  that  ordinary  hot 


plass  will  porter::,  similarly.  Therefore,  I  can  imagine  that  plans  fibers 


vita  cor.ciaeraoie  surface  arc 


exposed,  might  turn  cut  to  be  extremely 


vulnerable  to  Portland  cement  paste.' 


bl.  Prof .  Rubir.cky  “  replied  to  Mr.  he  issuer  as  follows: 


"H.  S.  Meissner  questioned  the  practicability  of  ray  suggest  ion 


for  the  use  of  glass  fiber  for  prestressing  concrete.  His  criticism  is 


based  upon  the  fact  that  glass  fibers  might  be  attached  by  free  alkalies 


in  concrete . 


"The  possibility  of  some  such  action  as  Mr.  Meissner  antici¬ 


pates  is  well  recognised.  Any  research  into  the  practicability  of  using 
glass  fibers  for  reinforcing  concrete  should  investigate  thoroughly  the 
chemical,  as  well  as  the  mechanical  stability,  of  the  materials  used. 

The  most  promising  glass-fiber  reinforcing  material  thus  far  considered 
consists  of  parallel  fibers  embedded  in  a  plastic.  Here  again,  however, 
the  question  of  the  chemical  stability  of  the  plastic  over  prolonged  ex¬ 


posure  "co  concrete  must  oe  considered. 


"At  present,  I  am  at  Princeton  directing  the  early  phases  of  c 
program  of  research  into  the  practicability  of  using  glass-fiber  tension 


members  for  nrestressed  concrete.  Let  me  assure  Mr.  Meissner  and  other 


interested  engineers  that  the  chemical,  as  well  as  the  mechanical,  phases 

of  the  problem  will  be-  giver,  consideration." 

k-2.  Some  fundamental  work  on  the  reactions  between  glass  and  water 

9 

has  been  reported  by  Beattie  .  He  leached  annealed  glasses  that  were 
crushed  and  sited  to  pass  1.G03  mm  and  be  retained  on  0.599  cm  (passing 
No.  18 'sieve,  retained  or.  I.o.  30  sieve,  approximately)  with  highly 
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are  re  is  art  analogy  between  fiber-gic 


reinforced  elastics  and  i\. inforc,.d  concrete:  oat  in  reinforced  ■elastics 


the  filers  arc  ouera_ly  much  more 


inly  distributed  throughout  th 


end  the  ratio  of  fibers  to  'elastic  is  reach  hinder  than  the  ratio  of  steel 


ZQ  COllCiTCUv! 
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.•inf creed  elastics  it  i, 


tear,  the  two  materials  act  together  —  that  in  service  the  strains  in  the 


fiber  and  elastic  are  equal.  This  implies  that  there  is  good  bond  between 


fiber  and  plastic .  It  is  alee  ass', used  that  the  fiber-, ~lass  reinforced 


p^asoie  is  elastic  and  obeys  Eoche's  1 aw.  This  assumption  is  regarded 


by  Diets  as  valid  for  tension  but  less  for  shear. 


45.  Sonr.oborr.  notes  than  the  tensile  strength  of  glass  fiber  is 
about  400,000  psi,  thus  mahing  it  the  strongest  available  structural  ma¬ 
terial  cn  an  equal  weight  basis.  lie  compares  properties  of  seven  classes 
of  plastics  that  have  been  used  with  fiber  glass:  polyester ,  epoxy, 
phenolic,  melamine,  silicone,  polystyrene,  and  polyvinyl  chloride.  Linear 
coefficients  of  thermal  expansion  per  deg  F  parallel  to  the  reinforcement 
as  a  function  of  percentage  of  glass  are  reported  as  follows  for  polyester 


resin  reinforce::,  mastic : 


Coefficient  x  10 


50-50 
4-  o 


10-15 
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The  yiell  arl  ultimate  strengths  are  sc  close  that  they  are  usually  con- 
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n.-nnesern's  cos/.  nr c vices  a  co.utrer.ensr 


of  information  on  fiber-glass  reinforced  plastics  and  their  industrial 


c-'j' >~h — c  kj  iOr. 


45.  I  ate  lie  Memorial  Institute  has  ..rede  a  series  of  studies  oi 


plastics  and  plastic-glass  laminates  for  the  U.  3.  Air  Force  under  ccn- 


tracts  administered  by  the  Materials  Laboratory,  Directorate  of  Research, 


)o velour. end  Center.  These  studies  have  included  glass  fabric 


laminates  made  with  ?_ashcr.  5S0,  Stypoi  lu3,  Solectron  5002,  Silicon  resin 
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steel  for 


concrete  reinforcing  is  justified  under  the  folio.; ir.g  conditions; 


time  mat  ivo  materials  ha vC  engineering  properties 

C.1'3  311 C  3*  ]S  2. 0 1*  ’C  O  *3i"10  33  01 


rv  <-»  t»  ! 


0  . 


:er:io/c:.ve  ^a^or^a 


ire  more  economical  than  steel. 


:.  The  alternative  materials  nay  be  expected  to  be  more 
readily  available  than  steel. 


ob.  It  has  been  noted  that  the  consideration  of  glass  red  and 
strip  in  Great  Britain  in  19-:0  was  based  largely  on  the  greater  availa¬ 
bility  of  glass  at  a  tine  when  steel  was  in  short  supply  and  great  demand, 
-he  application  studied  at  that  tine  does  not  now  appear  sufficiently 
promising  to  merit  further  study. 

^9.  The  consideration  of  plastic-glass  fiber  materials  as  alterna¬ 
tives  to  steel  in  prestressed  concrete  appears  to  be  justified  both  from 
the  standpoint  of  advantageous  properties  and  economy.  Plastic-glass 
fiber  rods  can  be  made  available  at  approximately  four  times  the  cost  per 
pound  of  steel;  however,  since  they  weigh  between  a  third  and  a  fourth 
.as  much  per  unit  volume  as  steel,  ar.d  may  be  assumed  to  have  approximately 
twice  the  ultimate  strength  they  may  be  regarded  at  least  as  potentially 
more  economical.  The  advantageous  engineering  properties  derive  from  the 
higher  ultimate  tensile  strength  and  lower  modulus  of  elasticity.  Kevmark 

r  ^ 

ar.d  Sims'"'  point  cut  that  the  advantages  from  these  two  factors  are  not 
access:  :u ty  additive.  The  leu  specific  gravity  would  be  an  important 
advantage, especially  in  many  military  applications. 

that  to  replace  cold  drawn  steel  wire 

o  ■ 

cr.e -smarter  of  the  volume  ar.d  or.o-thlrttc  nth  cf  the  weight  would  be  re¬ 
curred  for  prestress m.  concrete,  ar.d  to  replace  ordinary  reinforced  cen- 
c .  e  ,e  wg  p— — —  w* o  —  w— c. _ . -  ^*c.>,,..o....Co  co..e:<_-„e  „ne  cn.o . .  r  .y  of  g— — s s 
recur  re  a  **0', —  ^  cc  ^ — y  — — — ,  ..  '.o  s  per  cent  t  r.  c  eumarty  or  mild  steel. 
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ultimate  strength  cf  dd-r/.Cd  psi  with  glass  fiber,  only  about 


e;r..ms-o. 


Vie-.: 


VI _  sc  use..  10: 


'within  the  next  few  years 

of  concrete.' 


liable  Information  on  gl 
..^..oue  ere seated  in  the  x'ox 


The  only  present  field  of  considerable  engineering  pr  orris 
appears  to  be  that  concerned  with  the  use  of  fiber-glass 
reinforced  plastic  rods  as  prestreosina  elements . 

The  use  of  fiber-glass  reinforced  pD.astic  rods  in  pre¬ 
stressed  concrete  requires  additional  study  in  several 
different  aspects.  Some  of  these  relate  entirely  to  the 
nature,  stability,  and  interaction  of  the  ingredients  of 
the  glass-fiber  reinforced  plastic  and  do  not  involve  con 
crete  as  such.  Others  relate  to  use  in  and  interaction 
with  concrete . 

The  following  appear  to  be  critical  to  the  successful 
engineering  application  of  glass-fiber  reinforced  plastic 
rods : 

(1)  The  glass  fibers  should  be  of  seme  desirable  range  o 
fiber  diameter,  fiber  length,  and  composition  in 
order  to  provide  the  desired  physical  properties  and 
stability. 

(2)  The  plastic  should  be  of  a  type  that  provides  the 
desired  properties  and  stability. 

(5)  The  relative  amount  of  glass  used  in  the  plastic,  it 
positioning  in  the  plastic,  and  the  node  of  fabrica¬ 
tion  of  the  fiber  rlass -elastic  svsoem  should  be  sue! 


